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·on 'th• f~llottisg ~eaction.. ! ,~ontl'1••<l H_ cal·e waa alt:u!> 
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• @caoon3 
cletefllliruod uiid.n.g the >$xp&.r!.m1-nta1 Do seal• ~11 tno a"'ti vi ty 
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t'he llltt'bo~ld.$ 1011 in metbtimQ-1 #JQlution. !'la$ • theoJties 
bidicate' t\lat the tri$tho:z:1de !on may $xist &fl $ t:l'i .... Gr tetra .. 
solvated ap•ei,$ .• 
'fhi d.epend•no• or tt&act:l..QD: rate ~n 'bastcit7 p&:tSlltt.tte?':s 
1.n tb.i• ••tU.µm wu flVJaluatJet! :t'<>l' the atbanol11Eu1 or eblol'otorm, 
1.-ob1'£J:i!'OPl"OP~•1 l-..<tb),.oro-.3~3 ... di~etbylnutan• and ph•n1lotbyl 
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~inap:q ~ tt'h~ done>I' tuttct1on. bowev&J, d~es not .. appeal' to 
b& an a.~cuJ1a.te mt'uM1lill!~ ot l'lasieitJ tl!1 ro.tQ1~H)pb,111e1t7 in 
E! flit.l 8tr2 iretaeti~ns, 1'•~.Jl•l)tivel;r.it 0eo:utir~ :hi ~ethanol. 
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SEO!!ON' I 
HIS'!'GR:t:OAL :tlflO:OtJCflQN 
Wftile :to~ the p.ast thitty 7<Jal'a $.Ubat•atial WGJ:'lt bas 
b$4'111 dtm:e. in. the 4$v•l&PD.1•nt ()f ao1dity tunctiQn& :t:·ot" a.eidie 
••«li&.ji ll'btl• att:•nti.qn h•• boen paid ~Ci tbe d.evelopfaGnt ot 
1~dioatf)~· functions rel' ba1ie ••die... The -~· gen$t*~l class 
Qt R~•tt bases t\a$4 ~<>develop th• lo :l'unct:i@ll (1) t11>r 
!lt.d.dic xr.ttdia bave al.Cllo b•e11 uaed te dtit'fe·l\)p the H.. function 
(l) f()l' a val\'ietJ Qt 'baad:e •••U.a.  8~1n• •t' the B<>lvent~base: 
• .,,~ that .have bee.a l'bllldi•i ai-e wate~·•ed:tu:m b7di-oxid~ {~, 3), 
wa1ua., ... potaasi• hf<b.ox1de· (2),., W'a~e;,...,,byttra1-b1tt (!+), t&trs.- 
ttt•tbfliua• sultone .... water· UJ'].1':11tallq'laaon:ta b~oxid$ ($}, 
pyr1d.ine ... wattt·~et,re.allql-.tt.nium hJdwO?Cids (6), diaethylsultoxide· 
we.te;i· .... tet~aalk;/l~'ml·Onitllia b.ydl'olti d& ( 6) 1 ~d il»ieit~Jll!ulfo~id.e- 
rrt4tth«nol.-soditun ~ttutxidit (?l11 St\ldies of baaiei t11 in 
mqd.t:Jl!!at•11 coneentttate« ~•thanl.)lic 0:od.iunl iaetJ;u:>xid• eolu'llion 
have onlr appea.:ted. during the la$t f0\1+' f~na:l!s.., In tbis tal•ditl»l, 
tb~ lt. tuneti~n 11oal~fi to~ e~1M~tion (!) we:t·e based c.n the i.on ... 
i'3;.t,tton or ni~ratod. aniJ.intis ($.,9~10) and •itbet5"tn.1t&d. pme:nol• (ll). 
(I) 
he•ntly a d!~•etl7 ltltH\•u:red d~nt>»: .tunc.t:ton '(·12) • Do, 
f&l' aqueous alkali hy«i:roxide !Qolutiona he.• oen;,n developed 
u•ing aubt.rt:t tuta,4 'be:x:u~al.debi1<le 1Micatol:'J. !ht l)UJlpose ot 
thi$. p.J1to.j•et was 't~ tl$te-..n:i:t.• a demo~ f'un.ction •<u.tle at 25° O 
to-,, ,.l to 5 mol.at nt&tibuolie sod1'1$ me·th1.t~id(t a0l:u.tiona,. !rt 
tb.is m,tdium, th" donot ~ctioa is 4•aeribed. of eqwation (II) .. 
2 
(II) 
~be equilib~ium on which the Do tunetion is baa~d ($quation 
Il) ditrera rrOln that fol' the H_ :function (equation :t) by a 
iuolecule ot sol11ent. Ao.cor4ing1y1 a ncontJ'1Vlld R ... l."'unetion'' 
can be dete~ ined us.iug e:.'t;per:Unental Do valu•e, aolvent activity 
and. the solvent dituiot!iatitm constant. The contJiived H ... 
tunoticn, in addi-~ion to b&ing anotb•~ f\md~entel basi·oit:r 
pa1-q$tel', $hould allow tJ. {)o'tttpaX'ison. with experittl•nta.l B.,. 
£unction scales obt(tin•d. w1tb. ns;t~·ated. anilin$& and. phenols. 
It is t1:$ll knot-m. tho.t H+l·, OH~• otr CH30"' is atJtongly 
asa(J<.dated wiijb «Qlvont moleoult:UJ., ValuetJ. ot the Ho function 
tor actdic media w.~e aeo~nted'. :t:e:r by Basco•b• and Bell (l.3) 
on. tbEt haais of' a deo~ee.s• in flt'EtO water conctntttQ.tion duo 
tQ st~ong bydrat,ion of the lxsrdro~en ion. It wae recently 
shown tba~ the exper.llite:ntal H... {14) and Do (12:) 1\m~tion 
$ca.lets to"ie aqueoua alkali hyar.Q:<id .. e. aolu~ion:tl could also be 
explain~d. using th& Be.seonil:>~ fl;nd Bell theory i.f tb& h7dt'o:tld.$ 
ion 1• assumed to bl\ aaaociated with tbl'&e tttol-teules of water. 
Another purpO$ ot tbi$ p~ojeet waa to d.ev$l~p a aolvation 
~odel ror the metboXid$ ion that would aocount f~~ the 
expe~im~ntal Do t'unction u$:ng the Basco•be and, Bell, and 
Perrin (15) theoriei. The Perrin ttteatmont is an e:g:pansio.n 
Qf th• Bascombe and Bell t~eatmen.t that allows tor; va:riabl.e 
solvat1on ntUnbora. 
Acidity tu.nctien paremetel's bave bQ«!m used to d.etel'Btine 
the base str•1lgtlaa or we4lk b•••s (16), Qn4 1ta ¥1lecha.n1at1c 
studies or a·cid-eatalyz$d ••at.tions (17,18). Whilu bu.adJ!tt&ds 
Of ldalb'ti·o atudiea have bee~ JU.\di <td. tb &uid-cat.al.yzed 
~e&ctions, onl7 a tew b$?$ 'een reported ln aqu o~s alkali 
l'cy'd!t :ti-de ·O~ 111 t;)l~ulio · socttw.n m iihod.de soltrt.ion• ovel" a 
r a$onabl• l'S.~f' or 1:;Hlse at:rength. Kinetic. studi s t: 
~eaction$ :tn aedltnn m tb,QY..ido solution include in thanolyae.s 
Of the tol.l•wit)g ~u.'bt,ris..tes t ehl·o1-ofor-i11 (l 9} b;y El.OB 
m cbanie. phen7leth7l ~hlottid (l~l b;,r the E2 tllee.han.5 .. ~, 
....... ... _.. 
l-oh19r-o-),)-db:tethJlbUtan.e (19) bJ ~1xe-d E2 tmd 852 
•eb.aniame e.ncl l•ehloropl'Q»Ga• (th!a nW.47) by the Sn-2 
meehan.1'111&. ·A t"U.ttther P\U'll08e or thia pr ~eo~ was to interpret 
~bo ~· te 4$ta tb~ the ~~ov• reaetiona Qe1ng the Aon~r f'unetion, 
....... 
e .. ont:z:t!'V'•d H.,. tun.e-tion, :e.nd methtlx-44e '·Oft eoneentratian a$ 
p l'tltll ters tor baa~ s'~•ngtb- Also, tf\lttici nt ac·t ia now 
~ 11 bl oa that . e~atii1aon c n be mad., ot tb. natu.J:J 
ot tho 1- ta d~pendf>nce t"JU 'ha$icit;y paJ' · te~n .tQ• ~2. 
:roa.ettons in q'tl.ErOtt {20}. untl m0thano11.e nolution.n. 
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SECTION II 
TBIORY 
Prevlous studies on the basicity of moderately concentrated 
me·thanolie sodiW1' methoJC:ide solutions (8, 9, 10, ll) have employed 
the ionization of nitrated anilines (8~9,10) and substituted 
phenols (11) to develop H. acidity function scales (1). IA.this 
mediwn, the B.,. function is described by equation (III). 
(III) 
(XV) 
By rearranging the eq,uili'briwa expression so that measurable 
properties of the indicator appear on the left, and taking logs, 
the following expression ia obtained. 
•c11ao- fsa 
pK + log __ • log __ . ---- 
CBB aca, OB fB .. 
(V) 
The B_ acidity function is the~etore defined by equation (VI)» 
CB• aCJlaO'"" fBB 
s .. a Pisa+ log - .. log + PlclfsOR (VI) 
CBH a OU, OH fs- 
since the last te~ is equivalent to log fsulalf fe·. (Throughout 
this discussion, a• tbermodyaamiq activity, f""' activity coefficient, 
and c .. concentration in moles per liter.) 
The donor function, D0; was initially developed for aqueous 
alkali hydroxide solutions (12) using substituted 
benz:aldebyde indicato:rs. In this Il)ediU.IJf the benze.ldeh7de 
indicators res.ct as Lewia acids according to equation (Vll). 
@cHO +OH ... '<="" 
o- 
f @-csoB ·(VII) 
In 1nethanolie sodiutri ntetbaxide solution, tb.& reaotion is 
shown by equation (VIII)., and the Do tunetie>:n is detined by 
equtation (X). 
<S2)-cHO + CH30· ~·> 
s 
(VlII) 
(IX) 
(X) 
If the ratio or the activity coefficients is constant for 
69.eh indieato:r, th& last tenl in equation. (X) ia 4ependent 
only on the medium. 'l'he quantity, log .aOH.3o"" ts/fsoCH3-, 
b&ooJlles a prope11t:r Qf the solution in tb.C'f same .$fU1te as 
log aCH)O~, but Do is mea•urable while log aCH)O. is not. 
In dilute solutions 'khe-re tb$ activity eoefficien.t i:-·atio 
approaches Ul\it71 Do becom•s id&ntioe.l. with -1og cCB:30 ... (pOcH3). 
In otdel', to develop an experimental Do se.ei:l$ tor 
metbanolic sod1wn methoxide solution.rs using equation (X), 
6 
it 1s naee$Slil'J to me$eu11e tbe diaaoo:tation. constant tot' tb• 
empl.e•, SOOR3"", ant the 1ndieatol" ~atio, CSOCB ... ;o5• Both 
3 quantitie~ can be deteJ:ln'lineu by Qlt~aviolet apectrcaeopy 
tzsing ~•thods dltiJCJlibed 'bJ Paul e.n.4 Long ( l) • 
till& !ndica-noll :rat!o. !a date1"tPiined ua:lns .$q\l&t1on {XI) 1 
... 0sooB3"' = Ea"" E- t a = w 1 ~ . 11 ~ · f 5 • 1 s . t* $0013 ... (XI) 
where Es ls§ the llolat* a'baox-pti v1 tr r-or the aldebyde in 
••thtanol., Et is tlte tn:e1&.r abWiJOJtptivity rot the baa1o solution 
contatn~ng both; forms or the indicato•'t and. ( sooa3.. 1e tlae 
1.11CJ'1Bl' absol'ptiviii7 to1:1 tht tlletho~lated fol'ltt ot the indicator. 
All m.eat:1uitetnt:mt• a~$ •ade: at th& t1avel&ngth of !ll•ldtllWn 
abeor;pttGn ( A MU· ) t•~· t•cb. iadicu1to:. 
!J?b• ®.tiaitton of t'KS'OORJ ... i gi11ea b:y •quatt·on (XII). 
CsooR . ""' tso01t • 
P!Soc:D..'3 - = log ~·a , IJ , ., , + 1.og 't t'' ~ ": (XII) 
· ~· S · r:If30• S OR.;0 
Since the X"a.t1o or tbo activit:v eoetti~ieats approaches unity 
in dilute aolut:tons_, pKsoca,"" iua:y be ••a1u.a1'e4. u111ng equation 
(XI:t:t). BT plottix\g "cu,o"" gaiDet tbo ~:tsht luln4 std.• ot 
· qu•t1oa (XXII) and ext:r·apolat:tng to s.&rG con.cen:hrcat1en,, 
PKsoaa, ... 1• obtain•<l· It the above p1ot is eurved or tbe 
(XIII) 
7 
iudioatel' 1'1 ,no'b cHmv:erted. t(I) tbe soca:3- t'Oirl'll in iUl:nte. 
mt>t'haxide solu~ion, the plt val'tlea can be evallHtt$d by the 
111•,thod. r,:t direct caUU\)QX'l•1i:m .(1) as abown bf &qua'biGn (XIV). 
(X!V) 
l1$e of the latt.&r xne.tb€>d i-•q,uir<u1 $ $etties ot indioat<:>r·a wbos• 
plo1'e& ot log ft aga1n•t Cca.;o"' arfll pal'all•l ant overlapping. . 
Olt.ce tba Do :filnetion :ta m&~'l&l:Utd1 it .;bould be poi!Ultfble 
t1J> devalop a "contl\'i V$d If.,. t"unetion*' 'bas•d on the dif£$:venee 
b•tween tbe equllibi'i®J ~:x:pty&$.e!iena .to"t Do and. I' .... 
Equation {XV} d&tines tbtt c0ntl"ived R.,.. tanct1on which is 
ob:tain.ed b7 l!l,0lvin~ :eq-uat:ton (X) tow aCR 0 ... , an.d liubat!tuting 3 
tn.~o equation (V!). B,. .aa$UJUing a ~atio er u;n:ttr tor tbEil 
... (t>o + lQg QoH.OR - pl(CB 011> = H. +log . :fB· fs (XV) 
:3 ·.3 rBH rsoa13 • 
activitJ co•ttioi•nt hem, the l•tt h•nd. tid• of the equation 
beo<l!tmt• a lll$&$U.X'$ 0t tbe It. .. ruaotion. 
Baaeonm• and !•11 (13) nave a.ho• that th• l'B.pid inc:t&Gtle 
in -c:id:l t1 (lt° > l lXlOlSlt') C~ b.e $.CtH'3Ull'tf&d fQX' it the t(luilib ... 
r:tu:m eXJ>.'$stdon. (XVI) ll'EUlult&<i in the ~el;easEl ·Gf tc:rur watel;'I 
:s + .u•ur2o>n ·~ m+ + nH2o (xvr) 
molecule$ tor Q&ah e:et o!." p~otonat:ton. Water on the rigbt 
s1dt o.r the eqttilib~1um ~ep~&sent$ f1·ee watex- (net bound to 
pl'!'atons) and •ff'sot• tlle equilibtti'Wlt to the fo11~tb. powctr, 'rbe 
CQ!laa.ntr$;td .. Qn e.t trM wat•x- di!llinishe'l l;'apidly with increasing 
acid oone•ntration and coneequently there ia a 1'arg& inert1u1se 
in th& Bl[,+ /B ratio, Wb!oh de1Hf?;t:rtbte:s the Bo tunotioth B1 
8 
uidn;s. •~!d e.nd fr.en wa.tt!'' conoent:vetioru, 0011"sp~nd1ng to 
ll+flt;P )4.> Ba1eomb• and Bell Qaleule.te·4 H0 11aluea 11h!cb 
agtret'ld ~p tQ ab()u.t a fllQl$Jr wi t.b e,3.pe.xit.11anta.l Ho value.a. 
~& Bas4~' .and ~ll the(J2i"J ha1 beea ~.,plied to aq.ueoua 
•tk&lJ .. h1!d!':JX!<te tf·~l.uti()llQ. end •~dol of OH~pt2ol3 fol:' 
bJ~<>•:ld• !t'>n w:es T.~4 t~ e•~•1ate id-~b tbo tt.xper:tmeatnl H.., 
~tion. (~bi,). I<t ~1'4ll!· ~~ctntl · HP.Ol1ted. tlu\t valt\$8 ot the 
\ l. ~ I ' • t 
Do, .tt.tnc~lon (:t.2) .a:re &:t..:mcoe' $lt.&etly aecH:>unt,d . .t~ .1 th~ - 
O~(He0)3 tnf)dtl· U\ l;"'.10 m:elttr aqite~us sqdillllt ant! potaeshun 
~4~•x!d~,~ l.,.it1oti.$~ 
~ Ba.ao•b$ $ltd hll tb&o~1 oan al.a(} 'D• appli.ed to 
' . ' . ; ' ' 
'1&th.ann:U.o sQd .. 1..wn bl 'bb.~ $Ol\t~iQM it tho ~qui11'b:t"1um 
II 1 ,• '; , 
~r~t$1Qlt tG:c tbe r.>0 ~iot1Qn ia Cf.etine by equa:t!on ~XV:t:t). 
$ + cs,o~(OH30B)n -di.,.,. SOCM3 i,.. + nOH30il (XVII) 
f~e equ!lJ.br:t~.mt eJ:.pretaiQll 'ia e:i. ~t&la. OU the &1$S1.Ullpt1on , th· t 
s :t no m<>l' •elv~te-i .titan souR3 - • 
E .·· . . •s. t!cs,o~ (XVIII) 
soon;f· in 'asocu ·: •S .o'H. 
' ' ' . 3:. 3 
inoe tb :o0 tunetion 1,~ 4&tin d bf ·oqv.stion ·(nx)1 
~o,,., tz 
l>o .. - log ~ o! f sOoil '• 
:3 3 
(XIX) 
tbe ~tlat1onab1p b•t~een Do IU'.l« tht e~no•nt~ation or 
nt th~1·de ion and .t:ree ¥D.e ... bano1 is s1.1/i$n bJ' quat!on (XX). 
Byi as.-ifli variQUe values to~ n and eeloulatiug th• 
9 
.ton 0 41' f" n 
D0 c::: .. n log Omr OB -log Ccm 0- ·log 'Bil 1 l::c ..;> ... . . .3 J - ,on .l.SOCH3.- 
conoe~tration or tree ••tbenol, .Do valuoa can b• oalcu~ated 
~or X'OPr s~~tntive thoxide ion coneent~ations ~d compared 
(XX) 
With the xper1mental D0 .$cal • . 
Objeoti<:>n (l.6) to the $1.mple tr& tl!lent ot B seOXllbo 
and ~ll . .fol' acidic JQ&dia b. x-esu.lted in od.itied tbeo17 
by .?err~.n (15). Tb trJodit1e th•Ol'7 allowe_d t'Qt' v ri ble 
. ' . .. ,. 
hydre.t~on ~ $tressed the u .• ot solvent ctiv1t7 r t X' · 
. ' ' 
tbe:n oonc•ntration. In ua:tng th& :Perri theol'Y• oqu t:i.on (XX) 
is ~ede~ine a equ~tion. (XXI). 
, ~ ' ' r ' ' I ', . i 
Do
.= .., .•. ....;..,. , . l " . 1 ~ CH30-:- ts 
H "'-'-"o CB OH .... og '"'CH o- ... Q 
·3 · · : . .3 . SOCti3 ... 
(tx!) 
. ' plott .nz the qtu.u1tity (Do -i· log Ccm: o-) .. am~t l~g acn,,oR 
(21), the atrero.ge ~olvatd.on nUl?Jbel." * rr, 1 obt;aiMd. 
~pl$s of kinetic inveat:g ti.on in. od.erately 
¢ ncent t&d methanolic aodium thox:l. olu.tion :r- 1~ ited 
to the, t-¥ork ot 11id.d et. al.. (19.22~2.)) nd the l&tbanoly""lti . 
o~ l'""obloropropane ( tbia tu· ) • PJ.d et "'l. s Wdied th 
ethanol7a'es of l)hloroto:rtrt. pbe117l.4ltb.yl cb1or1d. tl1ld. 
1-cbl ro·l.~-dim thylbut and attc ptod to corr late tb 
ld.netio reaults with the l? run.cr~ion bQ,,;ed on nitrated - 
iline ind:z.c ~ors. Sinee tbe ,,. . ..,1c- d.a\..- (19} for 
'rea.ctitsns 1 a co~~ela:~ed us. ~h tbe'I donur :r.~ct~ o 0'1 c . · t~1ved 
l! .... :f\Ulction :111 this tuey, ·b.e re c ·1ou. rn obani s ill be 
¢1$~~~. 
ao •W;e;wl~u ,of' •ht~'l'om i;JilJf~ .bi tb$ ·n.cs 
. M~$1 (~) ;i~ba ~ »"914 oqut1itbJ.':lt'i~ @f eblo~ ~it41 
its: .con3Ug1•t() b~.eG ~ll~o4 b:t ~~-·ci~~l~ '°lt nut"~on 
Q~ d:tJ..o~1M· i~ :ht:, ~ ttt'i~•~ ~tb"fl · 1 •. Wt-,.ia . ·ob4tltl 
. ($11, .• y•· .~ OC'1_, ~ ·~· Cl~OU (;t~t:rz 
' 
·~ tu;:.~· 1-Uf>IX).,·J'Q .. 'f * ~~ 
«iQ\f~~® ·' ~'Oitc;attli t,a ~~~brirtrn~ w1141.l ff.-1.V' n ~ oo • ~;t..Q 
fl~m · tb:~lie .,oln~r"' · ,, 't1){1t COl. i·'" un!\a. 1(1 Wlf'wo 
t~4 l>r · •fl.11.libot• Pff®$1a, not $ ~i~~4 f.tncou. A 
la~~ ~ ~:c.ttl!Ctio~ -~ . tb "ar. n',,.., tun.c~,!\).lJ !a -0tad 
-~fl th·· ~atlt:tr. ~ ec.13 ~ 1t.li d!.'t;)~~ on ·~~ ~iuti 1 ~ 
.~· ·~· 0,(-l ii. ~ .,l .. oi r c·~~~- 11. b ~t 
~~10~ of' u~ ltttb '°'~tt~• ·~~y, taa) ct1n n . bo.w·i (17) , 
bJ' ·IPPlfl tii.O ·~~ ~~t~ '1tJ th4l 11 ·dO-i . i.Nt'J$ ~t , ., 
.. · ~~ •. ~ ~ ..,0.,, Cemn, ~CJIOl. ·. . . ~ 
~A\tQ ~ ;Jili1.il g11111.1".i1 ~ """"'"'1'1~r;;;:•Jlilll:.,..~~iot!l!1i' .1n ,fll'I. ,3; (XlO;) 
. ' .. ·. ·3· ¥$~·. 
l . ~ ·~ ~ion (XJ:'J), arl a bM ·!7~ t>OtWti t~ fa»· :voaa io (l· C!I"l') 
~. t""*' ls .tuta ~&o·t.:tv!~ o.11~1~eu. Z'ml tt .. · Wao6!ti1 
·'*1»'u t't~Q\ ~1Jii 17 .s tho . "" · rt~d t Jl"t;,.. tbo 
tbu~4)~11 ,. t.tto c~·<>AtS~~t t~ ®ti~ U1 i 'if,.oo (~., ~ ). 
ll 
it B. ta uatll'M>4 " ~1~s •~fl u: b&•~-• ~~l t.o pOOl3 m tt b.,, 
bJtc--:o ~l t,~ 4cn,o~ in il!lu- $0lU~~Jl• 8'11' .ftu.ba 1M.ts 
' v- . ·~:tl~ t 'b. b. _,. & 
-~ ~it:fJ;;' lti{~ii 
d ~at!® (JXVll) ihilo H\l;a1'1tm. (ml) 
the f'oU.~ ~~•t1Gn it Qbta a. 
li18 k ¢ if' •1~ tr f (l!CJ.' + v•--IAtt'G 1. ~ ~ •1~· .,'!' ll);)Jif RJ el • 
Atat#dng D*lt tt$ utivtw o•tt1o.tMJt '""~-tu . t&nt, 
· pl$~ "t 10s l~ T~. ~ ~ f\.\M~i.on -bould ;1vt a t. ipt 
1~ ha;v1- a $lops · ;fl· -.~'bf· 
~- :m -~1Wli:4JGt ltt:ut;£• ot ~•tib71 o~.tia 1n 
~~ -~ ·W>lllt$. ~ ,,~~ bJ tba i.2 • ¢~ (19). 
!ti. a . ' mr •. o ...... :s;-:;:';'o:.-..c;.":..":01 
~ ~ ' 
it H 
''-~- 101\ 1R PGllW«ll\'1504 - ht~i'Q allll o~l,Ql't- 1• 
~~ 4t !J;1 a OQ#)H•4 ~~"' lll 4ilut. #·04i -14f.l 
~•1 " (. <. .a '4Q1.a>l), ~ •- ei'.3~4-w«o» .~e:~t ~--i~n~.. ft 
t.'QJ*()l'ted (19) te bEt ts.irlf ooa•tan~~ to~, t'.ltotbo:Ude ion 
eeJae&nt'i'·atioaiJ up ta ·1'. ~~lal* l!G~eveia,, ·the t'lGl()ul.at;,ct aec(l)nd- 
flMt'I' #ate eo.ns.t.antm t~1u1.n etil#tantly. 1!h.G r11u1ction tiate 
la tbe•et~e attce$«:U1t."til7 4epen4eat Q.l\ & ba.ei<d.ty: f\ulct.ion. 
!he: 1.'El.t\l ah~d P.ot be 'P1t">PfU"t1on.al to an B: ... tuno~:t..on.. at$ 1.s 
~b• ~thanol1e:ts <>t cblo1.1<:d''0Ai. stno• in $ht la.tteai lfi&tboxt·de 
ion .i.4' compl•te11 ~utllal:t:z•d b•fo?!o oc13 ... und•:rg;0:tui th$ l'ate- 
~$tentntng el.imi:n.atton Je&otitt'Jn.. fh$ )'·~H,\C:i;:ton !C'~:b& sheuli 
to a t121st. appr~:.1.mati~n b"& J)llopo:l."tional tv bhe Do tunet:tou. 
id.XU)& 1~luS<i&ti 0:t •tbul.de i(ttl llnl&t ~e0u· in the aeti"t11te4 
O®lpl$X m $tttrl•Vba'b 1ihe $l!tl!tl$1 matmett aa tn l-~e fo~ation o:r 
ooc.u,~. 
!be ).ll&tbl!ll'U>ll' is of' l~bJ.ero.,..J,)din.letn1lbv.tano (19) 
p~oee((l.e by a OO'lltbia..atiol'l Clf' $bfa a2 liUld 8N-2 l1l~o.b.an.1Bl'4:~$ • At 
84 •. 9 C the pe~ee:n~"'ge 0£ elixnination waa 66~ ia 0.6 ... 4 mol~ 
$t14l.ubl m•t,bood.~ $Oluifi~s.  F°'J:L tb!iJ l'Gaeti¢>n,. tb4> 
P••udo fiJ1t-st<!"t01:®~ rat& ·eon•tant.$ wet• )l!'op:eXttional ta tho 
o~ncentJiation. or .n<ttllc;d,de ton (kz rw :> ~~a = a eeMtant). 
~he methanol11l~ of l·chle~op~QP£U\$~ by enalQS1 with 
eth@o17si• (2$), :proee~d.s bJ vhe 8N2 meolum:1$l w:1tb a.bout 
$% •1~ruat1on, This is the tirst SN2 ~eaotiaD to be studied 
l) 
~ ~0-~e~~toJ.7 ¢:Ono,en~:cra.t:«;Hi 'lQcdit.im 1n•·~b~iie -•4ia ( ~1 ... 4.6 110.;Lar ). 
!flut. PQr~elatio.n 01• tl\G i>l;lft\1.~o 1'il'·iit-$~d•lt r~'&e 4eiutun~s, witb 
bta:l1¢,it7 p~ame~~.a ohould p~v.• int&rea~tng $i4o• m•tbO:t.ld.e 
iGn ·ta in.cl.u:ded. in:\io tb~ 1 .... ehl,01'teJ:n.1opene l'llol&oul-$ in the 
ta.~tivate~ eo~pl.~ in l't\UUh th~ ~am nttutner- aa in tbe .:C"oJ;1~ation 
()t' SOOD:) ... • 
r 
SECTION !II 
E'.XPERIM'O'!'AL PROCEDURE 
A. Cke•1c~ls an<il Sol\J.tton$ 
Senzaldek7de (Matbeao~. Cbl•mu and Bell ot>•ereial 
grat1:) "Vas, pu;ii1ti•d by tit1;1eti0Xtal distillation a.t Jredueed, 
Pl"·es•utte ~ A gas•llquid. .cb~~matograni or th• eleatt (l.1st1llate 
(b. p., .ao° C/2.9 mm. Ilg) .snowed. the ben0ald~.h7d~ to be at least 
99.9% pu!r:'e. Tbe g,aa ... liquid. izh1'omatf!)gr'a.pb use<l .fQ~ tbie and 
$Ub .. EH~:uent anal1ae.s 1i~S. a ,og~e!l'cial progt'atnm•d tffirtperature 
ins~rutllent msll'tlf'Aetutt•d. bl' F. a~d M. Oo:tipore.tlon. Thia 
inatl!'um•nt utfli~td. beli~ ¢$~iell" gaf, therX'tmal conduetiv!ty 
d.$'t&etotts end a. fQul:'-foot eol~ containing Gene~$l Electric 
$}i; ... )O silicon~ 01:\1 0hl'Q:DlS¢~b P. !be pu~itied benzeld$byde was 
stQred in• al11tight bottle. 
F.rs.ctical 2,4 dicblo:rt>l:JenzaldtJcb7de (ia(fttl.l:SJii Kodak) 1!4e·s 
ptU?if1i4 by ~•clttys'balliti:at!on: from an $tbanol .. wa·ter 111ixtura 
{Soum). Aftel1· rht;ring in a vaeu-wn d.e$iecato:, ovel'night, the 
n&edlo·• tUtlted •harpl.1 at 71 ... 72°0 (lit~(26) m ... p.t 70 ... 7l°C) .. 
P:ractical p-ehlottob$tUH!ildebydo (Ea1tittan :Kode:k} was 
puv1ti&d by two r•c;rystall1&e.tion:a tt1JJn an etbtmol-wate» 
-iJtt~e ·(8~~ao) to give .n.1uJdl• shap•d crrataJ.a that snelted. 
$h&'1Pl1 at 4.6.0-46.7°0 (lit. m.p.: b-8°(H27), 41°0(26)). 
Atte~ ~u•ationable ~easurellt&nt• were •ade with ~hia aa»)plt, 
rea;xaminatdon cf" thiJ 8$141•~· emnple bottlfb abowe·d t~a.ees ot 
ll1oiatu.i.te <)r sol 'ttent on tbe gla$tl wall. A gaa•liquid cl:Ucmtatogr$?n 
et e:i•vel'al o:t':ystal·lit di$SG1 v.Qd in an'br®oua ut•tb.e:n(:)l tu1'ther 
sh.owed 5. 7% ot an unidontifh~d impu ... i.ty having e: slightly 
higher r tentlon tl ne th' n p-chloz·obt=H1zsluehyde. The symetrical 
ehape of the peak implies that the impurity ia not p-oblorobenzoie 
acid. 
Concent:riated d.i~ock solutlons or sod5.u j methox~.de C'.5 • .5-5 :8 M) 
wet'e prenared by res.;:iting em exce as of: f:res.hl cub sod:ium 
at~l fMalli:nckr-t1dt ol.1 )i'!€:lher dn·1lyt:lcel zie9~~nt gra·1e) ~dth 
anhydrous r14~tbanol (!fothest>n, Oolemsn and Belli" A.G.S. a ~alyzed 
ree.gont gt"ade; 0 .. 02 ... 0.07~~ Il20) under a nitr<>gen a.tmos9here. 
After. :stirr:i.ng OV$tn:i.gbt, axces s aodiu.m wr.1s r~moved .fro~~ the 
vis<!ous, cloudy solutio~1 by n qu. ck filt;r:"ti 't'l ·throu~~h a 
ccarce wire acr een into $'. one quart polyethylene bo·ttle. Tha 
polyethylene bottl was pre'*1:tously ~tr-~cted uith dilutn nodium 
net o;;d 'o 5n order to .rGmove t: 11 ·01 ~"olecular- rei h '· 't1 ur.i ties. 
·!'tot' the. concentrr tc ~ :30f") b.m1 me tboxi de solution was a lowed 
to sit at room ~cmp rst•re foT 10 tc 14 days the haza settled 
from solut::on. to g'l vo '"'Orf'oct;ly clecr ·~na colo lose sodium 
nethox.h1o,. The c.Le r , coneen t!":lt;ed sadiu.."l'l roetho:tide OQlut:tons 
abaoi"b ul travlole·t :ttadiat:ton s·trongly balovt 235 mµ an1l wealdy 
(t.11bsor'bance, .• 1 .... 2) Tr~ 245 to 300 w.µ... P .. x1ticular care 
muat be talten to eotlpletel:Y' remove all toluene or- ~romatic 
Golvonts t>:•om ·tho lod.iuro metal s:i.:nce the$e impul:'it ... ea also 
absorb ultraviolet ,••.uii tton ·tn th.o ~ang~ o!" 2~; to 300 mµ. .. 
C11mmorc~.nl l-chln-~opropm1e (Enatmnn Kodak, 95 ~96%) W(VJ 
pu:i:ri:r. .  od by ~ractional d.iat:il at1.on. The gaa .. iqn:t 
chro:metogi"~nn 01 the cen1;:e:c cut (b.p .. , 46 .... ~.6.5°~) ahowe no 
ti1Eu1sutto.ble i pllri t5.ea. 
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A sto~k lil'Glution. of 0.100 M silvel" nitr.ate was :Pl.'EIJH!t•d 
'bf d.1$aolving 4.2495 sot $ilvet' n.1tJtat& (Baker aualyzelil 
~$agent, 99. 7-1( s.ssa1) in. 2$0 cc ct halide tree di1.1tilled w:a.te:r. 
Oth&:r: ataada~ll solu.ti®s WGJ'• ptiepatted tu:1ing cQn."l'o·ntional 
p•oeed:U~ea. 
s. U'l t:J?a111eJ.•,t Spto'b:r.a ot !n.d.iee:\'IQ;ra 
'fh$ t1. v. Sptc~a ct 2,4 diehlo~obenz•1d..t.byde, p- 
ohlo'1oben~aldehyde, bf)nzs.ldehrde and. o-~itJald.ehyde 1n methan&l 
w1u:'$ obtained u:lng a "eo;~tina heltltlan nt ... 2 ~p•etX'opbotometeXt 
bfti90:tttt attempting to tisake a.ccul"at• 1tld.1catol' t!:l•••ttttE!lm(tnt.s 
vi th tM Beekman I>tJ a 1; ~~0<3 :11 Tbo molal&' abtu>l!pti vi tie& and 
the wavel&11$th ot J.laxbnm absorp1U~n tot' the indicators (10-~ M) 
in l'lt$tb&ne>l and we.tel? &.l'e given in. fable I" 
'!ASLE r 
A Cn]ua:iisol'l of Indicator Speetl'oacep1c Data in Methanol 
and Water· (l.2) 
1Injieajo.,£ 
2.4 dioblorobenl'lald:$h1¢• 
p-cblorobtnri•ld.ehyde 
'b$tUUtldebyde 
o-tflniaald,eh1de 
Water 
>\m t12S. <$fl 
264 
261 
2$1 
2$6.5 
16,.190 
12,830 
10,450 
Methanol 
~lnfXt ~ 
2$8 4,S6o 
25$ 14,1$0 
24$ 12,200 
254 9,360 
!:n gene~a.1 1 t '.lttata obst:rtvtd that the wavelength or m:axitmnn 
aba.e;rptit;>).'ll ('/\mu.) watt :a»uiller in inethanol than. we,t•Xt by 
J, 5 to 8 ~µ.. • !?lae ntola:r absorpti vi t1&$ wate afraotQd even 
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lttOl?t by tbe eol v•:nt Qbange i th& E. 'Talufus lla§.ns l~W•l' in 
tlt&themol by 5)0 to $,!g?O., Tbt;JH dttte1'enoe$ can be attxti.buted 
tc a solvent etteet (29)~ the natufe or t~. tubstitu:&nt t.md 
d.epee e:t aubst1tution appa¥'en.tl1 bta.ving a la.t-ge et:f-ect;, 
~he pos•ib11:ttr that h•1aoetal fo~tioJ:t., illustrate<l. 
by •eacti¢n (xxx:tt) to~ benzald h7de. ~at r•spona!bl• to~ 
lt 
t 
~....QCll3 
()i{ 
(XXXII) 
tl"JS la;rge diff'e~ene4)a in the E: ve..luea, on cbQ11Sill! tron. 
wate>t to inetbanol aolv•at, was d.iacount-ed bJ nat.:ing the 
dt1tpendenu of the t. valwut tor 2,4 di.ob.1oitloben~o.ld&hyd$ in 
metbanol on th;e. r.anount oi .. W6\tel' p~eeeAt ~ T~ lil\HHJU.l!'ed E 
val\i.$4 ror metb~ol. .... wat1.u• m:ixttu'a•' at the A•ax. tel' the 
paJftlcular solution w•r-e t\$ tollow~u 10~ aE,ftB_. 4,$60; 96% 
Oll30H '*··770; S~ olt3oH, 7~ 710; l.0;£ OH30H, 12,000 and 0.$"' 
CH3oa, 13,000. !he· E. Vfll.lue ro'1! o.r;~ cm30B is 5.n •~cellent 
ap~nt w:t tb Mtu~lbego• t" val'll&· ( 12) in 11' cn3oB ( 12, 980). 
~i·I variation e$n bt :aoc•unt•d to11 by a .aolv~nt ett ct w5.tb- 
f>1*' th~ complication o,t betttiacet&.l tomation. 
AnotWll.V unuEJ\Ull 0cb•~trvation 1'•1atEUl to th• $peet~ ot 
o~an.1 aldoby'd: (Figu~e I} tn eonee~t~atedtllethtUtoli¢ odium 
Jrtet:boJr.ide aolution wJae:r6 a cotlaideieble po~tion ot tbe 
1.ndieato.tt .ens'is a.- sooa3.... 'fb.& oth-e)! iadioato~a g v apeetl'~ 
lik• tbi.t shown f'o;v benzal4eb;yd$ (Pigu.tt$ II) .. ~ • .,. tb'e only 
oba&c:l'~d o.t:reot ot tl\(t •odiua lll&tho~d.4e •4-iuin ia a ecrf)ase 
in 'b&ntaldeb7® (S) abaorbmee.. 'rb.P peak at 270 'i!JfL (sb.oulder 
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215 ~µ..) tor o~aJd.sald•hYde iit l:t..6 M Naocx3 (Figul'e I, 
Speet'flUQ A) ia believed to be dtle ta socu3 ... W:ben a portion 
o~ 9. 4.; M NaooK3 eo1Ui,1on containing o..,.anisaldeb.74$ was 
n&u'tt'alited af'ter 4S min •• al.moat all Qt the G ... aniaaldeb:Jd.e 
was reaene.,ated. ( €.in.•as~. = s.sae tor 2% ca3oa aolutioru t = 
10,4$0 to• 11{ aH3oB aolution (12)), '.lo ev:td.•n:ce ot a p$ak 
at 270 m µ was ·obseJl'ved in the neutral solution. !ndice.to;t' 
Jae.aeuremen.t& a,t 2,;:4 'lll)A to't o-aaise:lclehrde we~e oi&.d& w1 thaut 
:bd~••f•itelle:& tr'om th• peak at 270 •µ. • 
S. Measurement ot De 
Q\Utn.tit•tive intUcate-ll meaaui-~•ents in metbanolic aodi\lill 
methoxide lll&dla were •ad.e ttis1:ng 2.1+ 41cblerobenzaldebfde, p ... 
ebl&l'•bensald•b.7d&, bet1.z.al·tl<tb7d.& and i0-iu1isald.tllyie. 
A'baoitbane• mtulau~emon1a1 were ma«• in th• ul.tl"aviol'et region 
at 2$°C uaing a tb•,.••1ua.t1o&1lY eon.trolled Btu~kmen. DU 
apeotropliotc:m.re'be~. Ab•ol'b&.nfut l'$&d.1ngs were e<>rr.1tant and. did. 
not change with tint" and neutra.li.zation or th• ba$ic solutions 
.reaultflld in quaot1tativ4 tegeneti.atitm ot the tree aldeb7de. 
~hereto:r• • t:he CaM1ttal'o. )!'eaetitt.\ does not 1nt.el'te•t with the 
me ·GlU"•ente. A aocliWtt mot:boxic.t. blank was ua&d ainee the 
absoS'bance dn• to •ad.tum ltl&th1)Xide alone ia a·trong 'below 240 mµ.. 
and. ••Ilk to 11odaiwate (depending on :tmpl.Witiee} 1l\ the range 
24S...,a6o ·•JA.· 
Aotual ind1ca.to!' JntaeureJllents tter~ mat using essentially 
the S$ct& p,.ocedU:rf.' e.a MaeGrego:tt (l2)t 
1. A 10""2 M ICJlut1~a •t aldthJ<l• wa, · prepal'ed. b7 
acouttatel7 we!glaing tbe pwr1ti•d alueh;to into 
a nitrogen flushed,, .$0 ml. volwnet•ic tlask. 
N1 trr;gen dega$tHi tl'lothant>l waao UIJ&tl te-r· 11ulking 
d.ilut!o1141. 
2. A POl.'id.n:n or th• 10 ... 2 M aldeh74e tolu·tion waa 
diluted to 10·3 M •ftb nitrogen d:egaa-ed aethano1. 
3. An Q1!4,Uf11:i ot l'tllek oc:U.:tUQ mttho~d.4.t 1l1Jt>luti•n 
fS.4•.$'.8 M) wa.s pipeted into a volUllle~ha tlask 
l.o~ with q •11<au.Gt of the 10•.3 M e.i.deb.yde 
s0lui1a. Ni ttogoti d•gased methMol wa:1 used 
to dilute ~o tbe .-Jtk~ A blank 11olu.tiGtl (l•sa 
alcll•hrda) waa pl'•pare« in the #QI• •ann•i-. The 
initial oo.neentrtat1on ·ot aldeh1d• 11aqet ttom 
l to .'J ~ 10-4 H 4epud.1ag en \be •outJ.t or socn3"' 
.ft>nutd. The: c11ae•ntiwat1on. at •<>41Wll ,,,_ethox1d• 
wes deteimt1na4 '&>7 t!trati•n Wit:b.. o:tandard IiCl 
\\Siog phenolpht.hale1a 1n.ti1oatol'. 
4. Ontt ~en.1)iin•te1 qua~t• eel~• we~• dried. an,4 
t1ullht1ul 'W'1th nitrf.ge.n betoff tilling.. Tb-e ceUa 
woie sealed while meat1uw.-ent• wette beiag made. 
lfl1e tnf>l«• abeo:rp.tf vit1•• (ES} f'o~ tl1e h•• a.ldeh7Ete1 wel'e 
oaltlulated ti'• abat~bano•· ••••~tm•·•t•- in aetbuol containing 
no todia ••tboldd• by 11•1-S equatl1on (.XXXI?I). Tb• d•t•nain .. 
attca o~ :mol•r abaoi-pt!vit.r C €:. soOB, .... ) value.a to:t tit• 
A ;: E. be (XXXIII) 
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D. Del.l:t~t'iu.tn Excliuana• in tb& Metbanol1$!D o.t Cblorotor?Q 
In. ~•4ei ·to p-,&di ct. t~-at tbe .~tl.t& t>r •e,tlulnolysi $ et 
olt10'roto$ tab.ould lite pl'tllportitur~al tQ m:n JJ.. f\ulletiol'\,. it wa$. 
~eeuuuu17 te lnl:ow that cbltroto• 1• t'u.ilfbrated. 1ti tb tbe 
t~1chlo:ttom•tb11 a•htrh While •qu11:tb~atiefn ~r byd:rGgen had 
bo.,-.n. .p11-even bf ,ii•utell'iunt $\lte'tQ.an.ge •tn.it<li&$ 1.n aquth.~U$ eod.iwn 
kJ~~;xide $01\ttio.n C.24), th• eer1aJpondin,g :6Utp&i'i»Jf!~t bad ·not 
been :ttil1 in meitbanolie lJf.>di\\tn ~ethOJ!;ide •o.1u.t1Qlll• 
An exee$1 f!Jt ·de\l,f:tf'o.ebloll'o.f'om (l.lO M) wa,a %'$acted 
Wittl taodlum Pt6tho:J:id$ (O.SS.3 M) to'I ta.bt.>ut 20 ho'Urs at 40°0. 
5'.!:tt~ai;;ien q,t' ·•n a11€luot with etand.i.u.•4 aoiii 1ttdJ .. oatwd th.at 
9,;.'4$ ut tli• •o.dium o:etbi)x,ide 'ti&.• ef:lrt$U•d• A 10 cc portion 
ot tb• S'tactien tn1.xtu;r.e wa$ then sbak~n td tb 2 ec of 1£tcoetane 
and 2) cc of wate.Jlt*. Att~t- 1J1noth$l? wat.e~ w.a~fb, t~. :tntral'.'&d 
spste:t~ e>f! tb$ iaoo~tall& e.xtxs2et ~as tiect>rttd tu11ng s, P•l'kin 
Elmtl' 1)7 Int1tQ'Col\'t. E:lcm1ution ot publ.iab•d cblol"otorm 
4!ip:eet:t'a t~o) •bowb4 the.t ~h• f()llt1Wins bilnd$ ccn>.ld be u1t1;td. 
to ~8$.Ul'O tb& CBCl3/0DOl3 rirtitll 4<!15 and 8.2.3f' for CHCl3 
ant 11.05 p tr1'1: 00013• fb.e 11.os µ cne13 b•d vi$,a sbifttt 
to l0.98 µ in isooct•ne $Clu.tion wt bbia 41d JlQt affeat 
ab.•oiiba.nce mea~ur~nte 10 S7atb.etio tnilthu~a.s et c:b.lo:fo.ter:m, 
tie~t•i'ooblQfQ,to.l!'»l and isooetane ( )l) Wt:l"e al!al7z~d i.n the 
sa»l• Mam:u1nr aa th.e isooctane ext1u1et ct tbo, t1$trntion mixture. 
fh$ absorbanee f$tio.s tQr tb.e syn,tbet:te ••Ples and unknown 
i,?UtE !I 
Inf'Xtared Ana.l7s ia of Oblorof~~ Solutions 
A. $.00 c~ iaooet•ne~ 
.0$ 'CC 000131 ~() . 
• 25 ce ORal3• 
!., $ .• oo ee iaooctan~, 
.02 ec 00013, t!t.nd. 
.35 eo CK013• 
iseoctane E;t::ittxia.ct ot 
lf!~U1qti<m mixture 
Ratio 
~CliC_DOlJ 
5 
lS(cale.) 
2J(ea1e .. ) 
A10.98j) 
00013 - A8.23f( 
OS<n.3 
0.62 
6.o 
file J.''&tio, ot CHCl3/CDOl3 ot a1n:1l'11i .22 eontil'lntl that ehlol"ofol'tn 
is .rapidly equil1h'.Nlte,tl witfl :tta eonjugat" bas.tt p;rieJ:W t.o a. 
ltlllte .... &.tel1ttl1ning 1:ttep in metbanolio ·eodiwn m•thoxid& st>luti.o.n. 
..:::t 24 ,.... 
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E. lt1h.eti(}s or th Metbanol7f'li1 t>f 1 ....C\ll~rQPwopan 
P~uiudq .tiJ1a:t ... o~u11 ~att eon•~\$ to'» the ~2 re~ction. 
et 10·2 M l-caloJ.11op1-eptate we~ mea•urtni in O .. ll to 4. 6 M 
sodlurq •eiiho:d.4• Jiloluti·tl.li a.ti 76. o .! . 03° 0. ~he ai~ sallon 
' . 
ewtant temperature 'batb W&S . qtd.ppaiJ. With It p:r:UUU~'1 ,300 
wa~t b.e•t$l'f a l-00 w•tt a9eoadar1 b&&ter vbiob. we.a connected 
tct a t1tr:cv7 ~beP4>1'•p1$.toJ' and ttela7~. a c4J.ib-J'ate4 N.B.S. 
tbenn.-.tet' and an •ttlcien• a.ii- dri111n st.il'ie11. See.led gl•ss 
tUttp<luJ.il: with pol1Ptt<>P1len.e · 1ruse2fta we~• UfJ&d te earJ'1 ou.t 
tbe ir•aettt>1u1 •o tlu1t tieaetton ·ot the haae w1 th the glass 
~•1d: b• a.vo!«ad. t.rht t(Ultl'b.ions we~• tall~IJ. by pe>tentio-ei;11ic 
'it1"at.io:n ot chlol:'ide 1Qa w:Ltb $~U4Q,..d id.lvel' n:t~raiie. 
A stock aolut:te>n ot abe>ut .1 M: l•eb1o~$propane in methanol 
was ua&d to ptepat'• each ot tht )NJS.etion tnbttuJt•s. Th• 
·eotte•nt•atlon t>f' the tttto>ek 101ut1on was ileteiim:in•d .t"roxn the 
a .. raa,e t>t ill:tial 1'e time ablol'i4• detel'minatione r,oJ!t three 
aepa:ret't 1\U\S ( .l2:l<h .l190, end .12!» snolar), The tee.etico. 
ltliJJC:tutiea w*99 pir·ep$:t'f1d 1a so ec volum•tl'1o fie.aka b7 ad.ding 
a; ~o alQ.quot ot tbe atoek .121,51M1-cblorop:ropane aoluti~ 
to the sodi'Uln ~•tboxi4• so1~blon •t 0-10°0. Arter the reaetien 
a!xtu11e wa~ed to reDll nmpa.,atu'i't:t, ~ o~ a11quats were plaeed 
tn tb• polfP»O:P:fl•a• lined a11pou1••· Th• ampqul•e Wlt'e then. 
p»r.rt&ett114 with a c.Uoium a'Ultate tube, cbil1ed and sealed. 
Zero t1me (t0) ••• d.enet&cl at t~ in.t:ant when the aealed 
ampo\lles ·we11e 1me1'1J&d in tho oil bath. .blpoule,Q WEJJ.'1$ then 
w;tthflb:laW'.tt et timed int•~ve.l#; chilled and opened. ~ht 
E. Kinetics or the Metbanolysia ot 1-Cbloropropa.n• 
Pa•udo .first-order rat$ eon•tanta tor the 8N2 reaction 
of' 10-2 M 1-ebloropropane were •eaaured in O.ll to 4.6 M 
•odil.llD Mthoxitle solut1Qna at 76.0 .:!: .03°0. Tbe six gallon 
eonatant te.perature bath waa equipped with a prilllar1 300 
watt beater, a 100 watt ••condar1 heater wbicb was connected 
to a mei-cury thensoregulator and 1'ela7, a calibrated. N.B.s. 
tb•l'llomete~ and an ett1c1ent air <b'iv.n atir~er. Sealed glaaa 
Sll!poulea with polJ1)rop1l•ne inae~ta were used to carry out 
the reaction• eo that reaction ot the baae with the glaaa 
could be avoided. Th• reaction• wer• rollowed by potent!01Qetric 
titration or chloride ion w1th 1tandard silver nitrate. 
A atock solution ot about .1 M l•chloropropane in methanol 
waa uaed to prepare eacb ot tb• roaot1on •1.xtur••· fb• 
conctntration of the atoek solution waa d•t•2!'111in.d !'ram the 
average ot i.Qrinite time chloride deter11inationa £0~ three 
aeparate rUD.a ( .1210 •• 1190, and .1245 molar). The reaction 
»iix'bul'ea were prepa:taed in 50 cc volUJ11etrio tlaaka by adding 
a 5 cc aloquot ot tbe atoek .121$ H 1-cbloropropane solution 
to the aodiUll metboxide solution at o-10°c. Arter the reaction 
mixtul'• waned to room temperature, S cc aliquots were placed 
in tbe polfl)J'op1len• lined ampoules. '?be ampoule• 'W9re then 
protected witb a calcium sul£ate tube, chilled and eealed. 
Zero time (t) ~••denoted at tbe instant when tbe aealed 
0 
ampoule• wel'• immeraed in tbe oil bath. Aiopoul•• were then 
withdrawn at timed intervals, chilled and opened. The 
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eontents at the p&l:3pt-•,1l.ea• tube were eal!efilly we.sb.td 
into .a elean 'bottil.• wit1' 12.S ee of .glaeial ae•tie acid (Duponi 
l'•agent gl!'a&t). The glae1•1 aa•ti~ .acid u.ut-rali~•4. the 
•~di• metboJt:lde and ~u•,,..v" ta!l a good aol venil ( 32) fo-.. ll"u.nning 
auietto-po'knti~t;r!a eblo.tido tlet•n11na:ticu~a. Chloride ion 
va• d.ete-1-•·d: h~ a total ot l7S ee ·of' glacial acttt1e ao1d 
bJ tS:t.ttatit.tn with aq\lle&ua .. 0100 M AgNO~'f' ·fht ent p¢1irt.t wa• 
d&t"eeted 't:tl:i~ a <'h>rning Model lO pB m•t&r wi tb c~eroial 
gl&f!8 leot.rodtus. The i>t•cia1e• '$f$.& ve'l'J go~d. and tbe end 
poh\t& ¢Otili be located 110 witb~ 0.01 cc ot 0.0100 M Ag:No3• 
A. :t-lcu1sur•ment ot p1Csoas;3- Value• 
Sp ,crtrQs(u1tpie dil:t;a to" 2,4 d!ehlorebeinse.ld.Dhy®, p .. 
cb1.,tiobe1uu1ldebyde, bGll:za14ekYde and. o ... anisa1-deby11e !n 
-.023 .... 5.04 l'llola.r, $~41'UIU ttta~ltox!d• solutim:ls 11 glv. n 1h T blea 
l:,tt to V! • , 
fb.e l'llolln' .ab orpi:\ v! ti• te 50011.3"-- and OOlf"" (12) tu,11& 
gi \t~ in !fable VII s.10¥11 wi tlt th• base- eon.eentl'at:tcm o!' 
'\ib.e •ed!wn in which tbt valuo was ditet'lltitU~d. '!be beet 
Q'Vtd~l;ab).tt va.lut tor f SOGH3 '* i• st ffll in Ct\lUll'lla to\ll'. 'fht 
~olttl' ab1<u!ptivit)y to1 2,,4 tiehl.oroben1ald~h1t1e we.is taken to- 
be 4)8 tine• thi• waa loWt7 -h•n Esol- (6.34) b\it it ia not 
n.eoessar:tl.r the ecrl.'•et •slue. Fo:r p.,..C'hle:ttob•n.e.ldeb.yele, the 
E soit· valu..e va• used '' tilt 'bes'b E. SOdlf"' val:u,o: alitc• \be 
llt&td•tt-r•d E SOCH;~ valu&$ werfto at11'l. deai-eaalng at: th~ highest 
base eoao ntl'ation. Benealdehtd.t gav• th• best ,e.peent•nt 
ba'bwen E SCOH;..,. and f SOB"", end !fJb• al.1ghtly lowe~ va1u.• was 
\1UJe4. :tn #letllanelic a<iaium: t'(letboxide aolution, o ... anisa.ltlebyd! . . .. 
i too we,ak an acid (:pl\sool'.3 ... = ... 1.43, PKsoa = .... 96) th.; be 
converted. a$ltlpletel7 to $OCB3- even in ).oq. M NaOOH)• The 
E SOB.,. value wa/J therefor• taken tQ be the b•st £ SOCR3 ... 
valu&. In :faet, 1t bas been sb.Gwn (12) that the mole.xi 
ab:to;rptivitiea for SOB"' and the aromatic substrate without 
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tbe aldoh,-de gl*oup are ~ou.gbly equivalent. 
Data U#ed to determine ptt80CR3 ... value111 i• given in 
Tables VIII to XI. !he indieator ratio, R~ was determined using 
equation x:r, as d.it(;usaed in SecdttQn II. Ve.lu•s .rer {: '? Wf'l!'e 
taken fitoin ! ble$. XZI to VI. 
The ~ependenee of tbo indioato, ~$tio on the soditWt 
~etbo~id• noneent~ation ii shown to~ all indicator• in Figure 
IV, where log R 1a plotted vs. NaQoH3 ~clarity. The plot• 
8.l'e ~ougbl7 p8.$'a1lel •~e•pt tor p~cblorobe~ald•hyde. thua 
•bowing that th indicator ratio !a ind<tpen.deut of tb 
ind!oatol' used, but ia cbaJtae~$~1st1e o~ the ••dilllll. Sine• 
it waa l t r d1ttoov4}red tllat p ... ehloveb•n•a1debyd.e vaa i~pu.re 
(l.'(t~er tQ S6ctitln lII)" uurasu~ent.ei with thi1 indic tor will 
not be conaidered ~al.id. 
F!gtn'e V sbQwa a plot ot (log R ·leg NaocH3 M) vs. 
lht(l(lft3 M :f'()tt tbe il'.ulicatt>ra. 'l!he plote fll'e fe~a»kably lineal:' 
up to about 3.S M BaOOH3, thu~ atllowing to-. an accurate 
ext~apolation to infinite dilution. Appai-ently the general 
:ff"eets o:t intex-1onic att~a<:tiob. on tbe activit'y o,oei'.tici•nta 
ih •quation (XII) c$nee1 out up to 3.~ M NaOCR3~ In ae1dio 
m&cU.a fl), pKmr+ can uauallf be d.ete1."mined onJ.1 up tQ 2 M ;g+ 
by tho extJ?a.pclat!on pttoo•du:it•• Th• PXsooH3 .. valt«ts obtai..-d 
bF the extrapolation pl"oce4w.1'• are given in Table XII and 
compar,ed w1 th tlle oor~••Pon4:lng pKsoif· values {12) or aqueous 
aplution. Tilt pKsocn ... valu•s a.;re a~aller than the p son· 
3 values- except for p-cialoro'benaald&byde• wbert an imputitT 
29 
p:roble exists. 
It was impoaaibl to dete:t'lltine pK30cs3- values accurately 
ua!ng the method ot d:treot comparison~ since tbe indicator 
•atios do not overlap in Fi~ IV bJ a auttioient Slnount. 
It 1>1tsol'llt3_ tw benzaldebyde we.a evaluated :t'l'Olll • 75 - 1.25 4 
NaOcH3 uaing tbe extrapolated pK800a3• valu• for 2,4 dicbloro- 
ben~aldeb7de, pKsocH3- value t~ont -1.01 t~ -.91 were obtained. 
~be extrapolation p~oaedure gave a PKsocH ~value of -1.43 
- 3 - 
tor o-ani•ald•hyd.$, wbil direct comparison with the pKSOCH - 3 
value fol' 2,4 dio'hloroben:aaldehyde at 1.25 M NaooB3 gave 
-1.38. By comparing o-anisald•b1de with benzaldehyde at 1.5, 
2.5 and 3.5 M aocn3, the pKsocB - values: -1.40, -1.44 and 
3 ~1.42 we~e obtained, in good agreement 'With the .1.43 value 
obt ined bJ &xtrapolat1on. 
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TABLE lII 
Speetroaoopic Daua tor 214 Dicbl0J1obensaldebyde Solutions 
A•U· :;:; 2sa mµ... 
0 ~ = 2$ c 
soin. NQ. s(104 M) NaO<m,; (M} Ab•o:rbanc• 103E 
••... 1 • ... --- 
l o,890 nil .q.03 4._53 
2 1.228 nil. • .$64 4,59 
3 1.22a 0.0228 .sos 4.12 
4 1.228 o.oS69 .Q46 3.63 
.5 1.228 0.11.38 • .)61 2.94 
6 1.228 0.2277 .210 2.20 
7 1.228 o.5693 .131 1.07 
8 1.228 1.149 .087 0.708 
u 1.780 2.290 .078 0.436 
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TA13LE rv 
Spectroscopic Data for> p ... Chlorob,enzald&hyde SQltatJ.ons 
AtnU. = !5S IQµ.. Te 2fc 
$aln., l~o. su )+ M) Nfi.OCH.3 0 ) Absorban,oe 103E 
1 .$860 nil .830 14.2 
~ .970 nil 1.370 14.1 . 
4 .970 .1149 1.261 13.0 
' .970 .3448 1.086 11.2 6 .970 1.165 .603 6.22 
1 1.940 2.327 .486 2.50 
6 1.940 3.446 .224 1.1$ 
9 1.940 4.$98 .143 .737 
b .970 nil 1.31s 14.2 
lb .970 .1452 1.240 12.8 
2b .970 .4329 1.035 10.7 
3b .970 .7084 .830 8.$6 
4b 3.490 3.1s1 .319 .914 
.)2 
1.PAJSLE V 
Sp•otrosoop1e Data to1 Ben~eld~h7dt Soluti.ontt 
~max. ::: 24; mµ. 0 T = 2$ 0 
Sola. No. S(104 M) N$0CHJ (M) Abaorbence 103( 
I I ( 
1 .,8)2 n.il i~oao 12.3 
la .642 nil 1.045 12.4 
lb 1.03 nil 1.235 12.0 
2 .832 .6870 .896 10.8 
3 .a32 1.o.s4 ~a14 9.78 
4 .832 1.763 .$98 "{.19 
5 1.664 2.341 .896 5.38 
6 1.664 ;.412 .450 2.70 
7 1.664 4.$15 .171 1.03 
a 6.66 s~466 .)85 .578 
9 5.99 3.7$1 1.035 1.73 
10 s.99 4.473 .60.S 1.01 
11 6 •. 66 s.041 ct454 .682 
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TABLE VI 
Spect%'oscopie Data to~ o•AniSaldeh7de Solutiona 
A ma:it·· ~ 2S4 •}-{- !l' = 2f c 
Soln. No. S(104 M} ~aocu3. (~) Abaottban.a• ioJE 
2 1.095 nil 1.025 9.36 
3 .981 nil .91;c .92s> 9 .. 30(9.43) 
4. .981 1.439 .791 8.06 
5 .981 1.826 .1so 7.64 
6 .981 2.318 .637 6.49 
1 1.96 2.961 .965 4.92 
8 1.96 3 .. 448 .710 3.62 
9 1.96 4.>66 .. 265 1 ..45 
ll 4.20 3.751 1.00 2.)8 
12 4.2c 4.473 .~sa 1.13 
1.3 4.04 5.041 .429 1.06 
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fABLE VIII 
Data to~ the Det$rll11na~ion ot pKsoCR3- .tor 
2,4 Dichlorobensaldeb7de 
~ SOClt ""' = 438 ts ~ 41$60 3 
Solth Bo ll Log R tog NaOCHJ M tog R ... Log NaOCR3 M - ' .  1 f 
3 .120 -.921 -1.642 .721 
4 .291 - • .$)6 -1.24.5 .709 
s .648 ..... 188 ... 944 .756 
6 1 • .34 .127 --643 .770 .. ··-~ 
1 5.52 .742 .... 245 .987 
a 14.3 1.1; .-060 l..09 
.36 
TABLE !X 
Data to-,. the Detena1aation ot PKsooH - to't p-Ch10l'obenzaldehyde 
.3 
t SOCH ... = 324 ts 0 14,1so 3 
Soln. No. R tog R Log NaOCK.3 M Los R - Log laOCB3 M - 
4 .0907 -1.04 ... 940 .... 103 - 
;$ .271 ... 567 -.462 .... 104 
6 1.34 .129 .0663 .0624 
7 $.35 • 729 .367 .,362 
e 15.7 1.20 .537 .660 
9 32.s 1.51 .663 .849 
lb .108 -.960 .... 038 -.128 
·- 
2b .332 -,479 -.364 -.115 
3b .679 ~.168 .... 1so -.016 
4b 22.4 1.3!> .;14 +.777 
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!ABLE X 
»ai>a if.of th.• Det•1m11U1l~1o1t ot pltaooH;... to~ :a.nzald•hyd• 
Esoex,· = .s1e Es = 12,aoo · 
So~ ••• R toa I Log l'aOOHl M Leg a ..., Log N'aOCHJ M - .. r .1 I......,....,, -·- 
2 .·140 .... 8$4 .... 163 -.691 - 
' .262 ... ,.5t)a .022a -.605 ~- 4 .1sa ..... 1ao .246 -.,366 
~ 1~42. -1$! .)69 .... 211 .... 
6 l!.. li 1 .650 .533 +.117 
'? 24.e 1.3·94 .6$S +.739 
9 9.09 .9g9 .s14 •!··.385 
10· 2$.<9 1.413 .6Sl +.762 
11 110 .. 7 2.01t5 .102 +1.Jb.3 
~ABLE XI 
Date. roxi the Determination of' pKsocn ... tor o-Anisaldehyde 
3 
E SOCR ... =: 460 Es = 9,360 3 
Sol.n. No;. R Log R. Log NaOCH3 M Log R ·Log NaOOH3 ~ 
4 .171 -.767 .1,58 -;925 
s .239 .... 622 .261 -.883 
6 .476 .... 322 .365 -.687 
7 .99S -.002 .471 .... 473 
8 1.82 .260 .$,38 .... 278 
9 7.99 .902 .660 .242 
ll 3.63 .560 .574 .... 014 
12 9.23 .. 965 .651 -.314 
13 13.8 1.399 .702 -.697 
.39 
TABLE XII 
A Compar1son of pKsoa· and pKsooH3• Values 
(pKs01r - 
Indicator PKsocH3- PKsoH"" PKsocH3- 
2t~ dicblorobenzaldehyde 0.70 0.97 0.27 
p-eblorobenz.aldebyd& ... 0.20 -0.32 .... 0.12 
benzsldeb1de -0.91 -o.68 0.23 
o•anisald.ebyd~ -1.43 -0.96 0.47 
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B. Tbe D0 Scale 
Values for the donot4 £unction were calculated using 
equation X and the data in Te.blee VIII to XII. Tabu.leted 
value a Tot' D0 are shown ro~ the ind1. vi dual indicators in 
fables XII! to XVI. 
I Figure VI shows the Do scale .. wbich ia the. line ot best 
tit using 24 experirrtental point• for 2,4 dicblorobenzaldebyde, 
benll$a1dehyd& and o-.aniiualdebyde.  'l'h• agreement between 
indicators is pretty good since the average devi tion f'l'om 
the line 1• less than .05 D0 unit. 
ln Figut• VII, Do is plotted against ~log NaoCR3 CM} to 
sbe-W' that baaicity in concentrated aadium methoJt'ide solutions 
ia nowhere neat- equal to p0CH3• '!:t baticit1 waa dependen:b on 
pOCH3, as shown by tbe eolid line,· the xp•rim•l'(l.tal plot and 
th& so1!d line would b• aupell.'impoaed., The Glono:r tunct:ion 
doe~ however, approach p0CB3 as a measure of baaic1ty in 
dilute &oluti0n ( .1 M NaOCH3). 
TABLE XIII 
Do Values Using 2,!f_ Dichlorobenzsldehyde 
Naocm:3 (M) 
~ 
.0228· 1.62 
.0569 ~·24 
.1138 o.89 
.. 2271 0.57 
.5693 -0.04 
1.149 ... o.4s 
4.3 
TABLE XIV 
Do Value• Using p-Chlorobenzaldebyde 
~aOOH3 (M) Do - 
.114-9 .64 
.344,8 .37 
l.165 -.33 
2.321 -.93 
3.446 -1.40 
4.598 .. 1.11 
.1452 .11 
.4329 .28 
.7084 -.03 
3.751 ... 1.55 
NaOOH,l (M) D .. _Q, 
• 6870 .... 06 
1.054 - • .33 
1.763 ... 79 
2.341 ··1.06 
3.412 ... 1.$6 
4.51~ ... 2.30 
3.151 1 .. 87 
4.473 ... 2.32 
s.041 ... z.9$ 
'ABLE XVI 
Do Valus Uaing ~""Aniaal.dell1tt. 
NaOCH3. (M) Do - 
l.4J'9 .... && 
i..&26 .... a1 
2-.316 -,1~.11 
.2.961 -1 .. 43 
3.1~ -l .. 69 
4.568 -2.33 
J-7$1 -l.99 
:4.473 ... 2.39 
5.041 -2~83 
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Figure VII 
Comparison of Do and -Log NaoCH3 (M) as a Measure of Basicity 
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o. Solvation ot the Metboxide Ion 
The Bascombe and Bell theorr was applied. to the n0 
function data in methanolic sodiur:q methoxide solution uaing 
equation (XX). 
i'be solvation number (n) waa determined by trial and error. 
A value for n waa assumed, and the concentration of tree 
111etbanol was determined using the deu.it.y of the solution 
(Figu~• VII!, data frOJl.I reference 21) and the equation, 
dens ..... 001(54.03 + 32.04 n) cCll30- CCH..rtH (normalized) = __ _..... ..;._,_ 
~- 32.04 x 24.54 x .001 
(XXXIV) 
A plot of log cCH30H torn =.3.2 vs. NaOOR3 (M) is given in 
Figur• IX; the use or this plot will be diacu•sed later. 
Fo~ the sake ot coJQPari•on, Do values torn~ 3.0, 3.2 and 
3.4 ~rotrJ .5 to 5 M NaOOR3 are given in Table XVII. The 
agreement betveen calculated Do values tor a solvation number 
or 3.2 and the experimental D0 scale ia fair, the average 
deviation being 0.1 D0 unit. 
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TABLE XVII 
Solvation of' th$ Metbo.xl,.de Ion Uaing the 
Bascoinbe and Bell !rheory 
D0(oalc.} 
CUI! o" ("'O Do (exp.) n = 3.0 n ::::: ,3.2 n = 3.4 J ' 
.50 +.13 +.2:t +.zo +,19 
1.0 ~.34 -.19 .... 21 .... 18 
1.5 -.67 -.52 -- 
2.0 .... 93 .... 72. .... 78 - .. 85 
2.s -l..19 .... .. 1.05 -- 
3.0 ... 1.44 ... 1.21 ... 1.31 ... 1.t~3 
3.5 -1.70 -1.60 
4.0 -1.98 -1.73 -1.92 -2.14 
4.$ .. 2.34 -2 • .31 
!).O ... 2.82 ... 2.45 .. 2.ao -3.23 
50 
The Per~in tbeorr was applied to our data by plotting 
(Do+ log cCH3o-> 'Vs. log a0H30H (obtain&d by interpolation 
ot the data of' Freeguard (21), which is plotted in Figure 
X) ,. using the data f'roJrt *!'able XVIII. 
TABLE XV!lI 
Solvation of tbe Metboxid$ !on Uai ~ tbe Perrin Theory 
CCR 0- (M) -(n0 +log cCB: 0-> ... tog aCH30H 
3 3 
.!:) .17 0 
1.0 .34 .035 
1.$ .49 • 0'72 
2.0 .63 .112 
2.5 .79 .155 
3.0 .96 .199 
3.5 1.16 .250 
4.0 1.38 • .)01 
4.5 1.69 .354 
5.0 2.12 .410 
1.be plot is remarkably 11n&ar: up to 4 M Naocu3 as shown in . 
Figure X:C- !rhe increa$& in slope {presttmal>ly the solvation 
number) t'rom !f. to S M NaOcR3 ia uneXJ;>•cted. ainct sol vent 
beeome.s con,irm.Q~l1 J.esa available with inorea$1ng base 
ooneent~ation. By uaing the data tro~ .5 to 4.5 Naoon3, 
a lea t equare• proee(ur& using a c~puter gave a aolvation 
Jttml1'8l' ot 4.1 ( 6 = .a)~ 
u.e ot the two theo~i·- gave dif£$rent. solv tion ttUJ:Jlbers 
(3.2 and 4). in good age~m•nt with aolvation numbers (3 and 
4.) ob~aintd to~ th• hyd:oxide ion utitlS the D0 function tor 
ttqueous $OlUt1Qn (12). Ptr•vioue invoetiga tort,, Utdng the 
lI ... aoale to¥' nit.rated anilines uo), have. obtained a ethoxide 
!oa ilolvation n'Ulllbe' et 4 (10) ualng the Bascomb• and Bell 
tb&O:itJ, and. unreasonably higb numbtl'·a (21) using th Perrin 
theo .. y. While the Ofl)O(Oll3ott)j ion can b• p1etuX'ed aa 
~~aultitlg tX'Oltl the interaction of _.tbanol proions with the 
1Utahare~ eleotr~n p$1r8 t~om the ~et~exide ion, 1~ 1• b der 
to visualise the c~pound cu3o(CB30H)4. 
c"°stall:tne 1041• m&tbox14e bas b•en ahttwn. {J.3} to •xist 
1.1$ NaOCHj(OH3ou)2 an..d lf•OCB3 but ev1"•nce on :tth• structure. of 
metbexide ioa in •ethanol solution i• not aoneluaive. P.M.R. 
aad Raman spe:etra (34) or t11•thatto11,o sodium metboxide solutions 
have indicated onlt that th• me~boXide 1~n give.• no new peaks, 
Oit splitting dos o.ot oeour, and 1trons hydl'ogen bond.a e::r.iat 
~&,ween metboJd.de ion and ll'ltthanol. 
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l). The Contr1 ved K.... Function 
'1le .conti-i ved H_ hnotion wa:a o.bt;ain.d ua1ng equ.ation 
·f XV) as discu•seit ln SectltJn .II. ~ablt XU o~p~Eta tbia 
=a .. + log t:a .... ta- 
tm tsocK3- 
{XV) 
o•ntrived. R_ tunct!ou witb t\to &~erimental. a_ sos.lea determined 
wi.tli nit1Qmlilinea flO·) and 'C•b\\t7l,.ph4'nQl$ (ll) aa udicatora. 
fh•· compw1aon eb.c>~$ th•i ~bet contr!.vo<l K_. tuh.otion approxbiates 
t-h• a·... ace.le ebtaiaed t)10JJ: pb•nel 1n.4.1eatol.9• more elo1&ly 
'bhan the e~xit•n,al I.,. ace,lea aptr"O:r;:tsruate eaob ether. At 
.3 H ls.OUB31 tb.e a. ,.oal• .htern pl\$11011 app•ars, hOW$V49l', to 
•• inc~ea•ing more rapidly than tbe eontr.iv•d H ... acel.e, but 
at -th& bigber bue cH)neentfation.a ~b• phen&l ind:tcatol's 
become 1no#eaa:tngl7 l••• ,.table (ll). 
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E. Metbanolyais ot Chlorotol'Jll 
A conaparison or th& contrived H.. tunotion with the rates 
ot llletbanolya:!.a ot cblorot'oJ!'JQ at 4$.1° C (19) is o:t intel'est, 
einoe this was tbe tirat reaction to aerve as a teat tor 
baaieity tunetione in metbanolic aod1Ult metboxide solution. 
Co:rl'elatlon of the l'&te b7 an lt_ runction :ta anticipated 
t~om the mechani$11 of the reaction as diacusaed in Section II. 
Table XX gives rate data tor the metbanolysis of 
chloroform at 45.1°0 (19) from 1.04 M to 3.99 M NaOCH3, the 
contiti ved R ... value a trom '?able XIX (based on aCR oa>, and 
3 
another derived H. aoalt based on the fl'tee methanol concen- 
tration h'om Figure IX. 
Figure XII shows a nearly ideal dependence ot the rate 
or methanolyais of chloroform on the contrived H_ tunetion 
(•lope = 1.04, 6 == .01). A plot o:t (Do + Log cCH30H - 
plt ) against log k1 also gav& an excellent correlation 
CH30H 
(•lope= 1.00, t5' = .Ol), but tbia dlrived H. f'Unct1on is 
not ae tbeoretically sound as the contrived H_ t"unction based 
on tbentodynmnic activity. By uai the lL !"unction f'rOllt 
nitrated anilines {10) to cotrelate the &$llle rate data, 
More o•Ferrall and Ridd (19) obtained a curved line whose 
ave~age slope was o.8. Since the contrived H. !"unction 
eorrelates the :r·ate ot methanolysis ot cblororom almost 
perfectly, this tunction is presumablf an accurate measure of 
tho baaicity of the ~edium in the Bronsted sense. Thia result 
18 analogous to tbat found. 1n aqueous •dia, in that a 
S9 
eQntri ved D-o tt.m.otioa.- (8.., + log °-aa() - p 2'> ):, coriwelat o tb 
1>at.1 ~f an Ba! a:ntl an nt!· X'eaet1on (20) mo•• ettaet l"!' th · 
th&••\'·. ontal D0 ~ei)lt)fl. ·~ faplloat1oa te flh t tu 
c ntr,,. <l l>o .i"o.ne~' on in e.qU$Ws madii 
Qll\U'& oi" bssictt.1 to t. tew1e ••na•., 
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Figure XII 
Rate of Methanolysis of Chloroform at 45.1°c as 
a Function of the Contrived H_ Function 
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F. Nethanolysia of l-Obloropropan.e 
lftle 8zi2 reaction &r 10·2 M 1 .... obloropropeno was studied 
in .11 to 4.6 M NaOcR3 $olut1on• at 76.0°C according to the 
exper~ental procedure 4e•cribed in See~ion IXX. The 
reaction was rollolfed 'b::r d.etenrtination ot chloride ion; tbe 
othe~ p~oduots were not ie~lated but a1aumtd to be the aame 
•• t:boae resulting troa tb• ethanol7si1 reaction (2S) at 
74.95°0 (95,i SN.2 product and S% Ea produQt). 
0 . Nine kinetic runa wel"e mad• at 76.0 O in .11 to 4.6 M 
aQdium metboxid• eoluticn. ~ht plleud() tit•t-ordei- rate 
conatant1 vert calculated ueing equation (XXXV). Experinlental 
clata and pS$Udo til'at-order Jtate eonatanta sre given in 
!ables XXI to XXIX. Seooad-o~der tate eonatanta we~e calcu- 
.lauad. using equation (XXXVI). Table XX.X •hows th• first- end 
(XXXVI) 
second-oitder rate c0Batant3 fol! tbe nln• t'WUJ; the 1econd- 
ord.tU' rate oonatants ,are re111arkablJ cona-tant, the •tandard 
devie.ti,Ofl being 0.2$. fbe $8COnd-6rdar ~ate constant• '£et' 
M&thanol7si1 a~• in good agreement with a reported k2 = 
6.86 x 10·.3 l M""l m1n.·1 tor ethaaolyeis (25)) with .1617 M 
ei tboxide c:f; ~"- al igbtl;y l.ower temperature ( 74. 95° er, since 
etboxlde is &bc~t t'W'ice a~ e.t.f'ecti.ve a nucleopb1.le as the 
methoxide ion. 
'l'he linear depend.enc$ of' thie J:>eeud.o .fittst-ord.er ttate 
con$tants .for the metban-olys,is oP l•chloropropan$ on concen- 
tl'Gi.t:ton o.f' metboxici& ion. ia e.nalogous to the nature of the 
r&te dependeriee of' tbe meth~lnol1sis ot 1~chloro-3,3 ... 
dimethylbutane (19} on metboxid~ ion concent~ation in methanol 
4'0l vent.. ~ese P&Jfttlts ~re contr.ary to tho$e obtained i~ 
$qtlc&ous media~ Anbe:r et al. (20) ba<Ve reported that the rates 
ot F2 byd~olySi$ to~ dl~se~ine phosphate and 8:N2 bydrolyais 
t"o:r ethyl iodide &re p;roportional to a cont~iv~d Do .function 
Cll_ +log Gnao - PR':a;20). Apparently the .r:reot o:r the 
~eaetion m&dium on th$ rate$ ~t st least eome s,jl reactions 
:t3 g!l!'eat enough so that extremes c-.n ha obaerved i.n the very 
natuli'• ot rate dependence on bas:tc1'by parfllttet~u,s. 
64 
'!ABLE XXI 
Methanolt•is ef .0121.> 1•1 ... 0bloropropen• in 
.1118 M llaOOS:3 a.t 76.0°c 
'il:t.e (tnin.) n·PrOl (J$) 
0 .01209 
140 .01121 
200 .01067 
290 .01049 
444 .0096$ 
558 .0090;; 
690 ~ooS.?<J 
135 .oo&:;.3 
1.018 
l.'112 
l.1.$7 
1.2:;2 
1.3,3$ 
1.407 
1.451 
5~36 
5.31 
5"03 
5.06 
5.18 
4.95 
$.07 
avottag& s.14 
e~ ~e conctnvration or the stock solution waa dedueed .front 
th• a.vel'tlgO o.t int.in! t'-' ti• ehl.01•<lde d$ttl'111:tnetion1 for 
tbrl·$ t'Ull.$. 
a Me~bcf>l1•i1 ot .tJ121$M 1 ... Cblol'.'0Pro:pa:t$ 1n 
.2236 M m~ooa3 at 16.0°0 
n·PttOl (M) 
.. 01209 
.. 01079 
.01013 
.,()09).3 
.00803 
.0061;r.1 
.·00599 
0 
120 
160 
270 
421 
670 
11S 
- 1.120 
1.193 
1.29$ 
1.50$ 
1.866 
2.018 
9.45 
9 .. 80 
9.S8 
'9.71 
9.33 
9.82 
Cl v1n•ag,e 9. 61 
a., !?he conoen.t:ratitJ>n ot the s~ock aolutioa was a.dueed trQm 
tbe avewa:ge &:t intini te tim• ob.l&ride deb&rmina:tion.a t'or 
tln,•e ru11.fl • 
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t*A:m'Jt Dl!I 
l(pt®n&l1ets ot .o:ta-1n l•Oblor 
.. ~.tEl~ t« . aooa, at 76 .. 0° c 
wffCl (II Cn/C 
Ms ti t · rn. rtt.1. · · 1 r· •J ~ , 1 J!IJji 
23.3 
25.l 
24.!) 
alJ,.1 
iS.2 
23,.5 -----~...- ·V•• 24 .. 3 
a .. , ·~ eoneentrati : oJ! tbe stock e ut1on w 
tb$ ~"fl as ot inf'in t ' t ' 0hl l-~ 
0 .03,209 11ftJ('i !(I . :• 
60 .010.n 1.150 
116 .0090) ·1.338 
204 .0-0133 l.649 
~64 .006)9 1.89! 
362 .. 0~1 a .. 62 
sis •. 00$161 .'3.349 
or t" e wna. 
TAllLB xxtV 
ii t~ _ yai o-:t .o:tal.J 
1.1S1 · tlaOOB3 
1"1·l'ral (M) Cg/0 
....... , :t Ji T l 8 ¢ ' -· 
0 .Ol2<l7 
59 • <J09ll 
41 .00603 
222 .00411 
290 .,00289 
Mtll l"tfl¥rt .... 
lt.1 • 
49 .. z 
47.9 
49.3 
2-001 
2.694 
4.176 
•.f~· PJ4 •iv•~ s• 48.S 
• 1b$ concuJat~ f#i()A ot tb •took aolut1on 11u ·dedu ed hOJ.'11 
b av r ot inf ite t1 .,hlorttte d to 1.n\\11' · ne to» three rt!Wl .. 
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El 
Methanolyais oi' .O!Z'q..5 H l·Chlo~opropane in 
2.208 M NaOcB3 at 76.0°0 
time {min.) n-PrOl (M) Oo/0 1c1J,. k1 (11\ln. -l) 
c 
0 .01235 - 
35 .00899 1.374 90.8 
4S .00825 l .  l~97 89.7 
65 .00661 1.868 96.1 
85 .00543 2.274 96.7 
1.3.5 .OOJ$1 3.518 93.2 
395 .0011s 10.74 60.1 - 
average (excludil'lg laet iieault) 93.3 
a. Tbe initial conc•nti-e.tion waa d dueed traln tbe average 
of two lntinite tim• eblotid• dete~inationa (.01250 and 
.01240 M c1·), 
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a 
Methanoly-si ot .01210 M l-Cb.lQropJ-op·an• in 
2.867 M Naoo.R3 at 76.0°0 
a0/c 104 k1 (min. -l) - time (ain.} n-lrOl (M) 
0 .01200 
30 .008$6 
42 .00718 
50 .006So 
60 .00586 
86 .00.398 
11$ .00290 
1.401 112 
1.671 122 
.l.846 122 
2 .. 048 119 
,3.015' 128 
4.138 12.3 - 
average 121 
a. The initial eoncent~ation was deduced trO?'ll a single 
infinite time chloride dtte~ination. 
'flWUl! mt:t 
M&tbanclY11-il ot ,Ol21J · 4l•Cbl·o"•Pl'OP,an• ,,n 
4.0!:.7 1 • oca3 t? 76.0°c 
n•Prot (lit) Oa/O 10~ k1 (min .. -1) 
lift:F . ai'" •. l!?b' """" JZt'I! !tot 
0 
,;o 
~ 
tl9 
15{) 
.01as 
-007qs 
.o '•3 
.00221 
.0019. 
l.631 163 
2.11t,2 174 
$ .. J!>?. 18 
6.a.s 123 - 
SUI t-•&\tl.t) ·15 v ta~ t n~cludi 
. .. b eoncentwttt:ion ot tb• •took eolut)1.on w • 
'lASS JXVlXl 
th$nol7ai1 .. o l ?O M81.,..Chlo1'opr ;pane in 
0 4.16tt. N ffe.OCB3 at 'l6~o c 
n~~vCl (N) Co/_C 104 •l) 
IU 3 - • lll'!"lb •1 i-1 ----..-- s r • 
0 .01176 
27 ... 71+0 
5 00$18 
44 .oOlf,$2. 
70 .G0290 
107 -.00160 
4!¢.· ( .. - 
1..,5 2 
2.038 
2 .. 633 
4.103 
7.437 
172 
203 
210 
20! 
187 - vel' s• 19S 
•• fb• 1 t al eono• tiiati.on ckwdu . tt• sine; .e 
!ntin1ce t:t• cblo)1i a ,.riem tio. 
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a Metban()lysis ot .01098 M 1-0bloropxropene in 
4,.681 K NaOC!f,3 at 76.o0e 
tbt• (:irtin.) n .. PrCl (M) ac1c 104 k1 (min. ""1) 
0 .01086 - 
25 .00636 1 • .$83 1a4 
36 .00478 2.272 228 
45 .c.0370 2.935 239 
60 .00262 4.145 237 
81 .00178 6.101 22,3 
107 ,.00100 10.86 223 - 
e:ve.:r•s• (e~cluding ti~at result) 2.30 
a~ Tbe initial concentratiol'l'Was deduced trom the average 
ot two infinite time cbloride determinationa ( .01092 tilnd 
.01104 M o;i. •) • 
71 
Pi!IArtt-and S&·et:.md-O·rd.,r Rat• Cona1Jsni$ t~ tbe Hetluanolysie t>t 
1 ... obleropitQpane in .11 to 4 .. 7 M. llaOoH3 e.t 76.o0c 
~~oca:3 .. CK>. 
.ms 
.2236 
.S464 
1.157 
e.aoa 
2.816 
4 .. 041 
4.164 
4.6Sl 
104 k1 (sn:1a. -1) . 
s.:Ut. 
9 •. 6.l 
24.3 
43.s 
9)11) 
121 
17'$ 
195 
·230 
103 k2 (1 M-l min.-1) 
. - . 
4.60 
4.30 
4.4!) 
4.19 
4.22 
4,,22 
4.32 
4.66 
4.91 
; .. 
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G. Metbano173is or Pbenylethyl Chloride 
Mor$ 0'Fer~a11 and lUda (19) have $hown th t the rate 
ot E2 methanol1sis ct pben,letbyl cblorid~ at $9.7°0 is not 
proportional to $he concentration of sodium inethoxide; the 
seeond-o»der ziate contttants increas-&d constantly in .235 to 
4.28 M Naocit3 solution. Ot inte:reat is a CODJparison ot Do 
with log k1 using the data from 'fahle XXXI. Figure XIII shows 
a lineal" relationship, but tbo slope ot • 76( o = .02) indicates· 
that the :re.action is not correlated by Do· 
TABLE XXXI 
Metbanolysis ot Pbonylethyl. Cbloridt at 59.7°c 
NaOOl:l~ (M) 1o-S" 1(2 ... 1og tc1 ·Do - .23$ 3.26 5.116 .... 53 
.81.{.0 3.60 4.s20 .22 
1.71 5.14 4.0$6 .. 72 
2.38 7.02 3.777 1.14 
2.88 9.05 3.583 1.36 
3.12 10.10 3.502 1.50 
:3. 71 lJ.)0 3.307 1.81 
4.28 16.57 3,.100 2.18 
Sino the ~eeetion is not correlated by eitbtl' D0 or th$ 
ooneentr tion r:,t $GtHum methoxide, it i• or inter•st to 
determine what moditicQtion of the pres•nt treat-ent will give 
a good corxielation (where the 1lope ot a plot of' log k1 vatt 
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the parameter gives a straight line having a elop~ or 1.00). 
If th& a~gUDlent (18,19), that a ditferenee in tho solvation 
or i-e.actantn and the, transition state is responsible tQ>: 
the dependence ot :v•action rat& on tb.e medium is valid, it ls 
'r1a1onable that (1) an ElCB reaction is eo»:r&latEHi bT li_ 
b&¢ause methoxide> ion ia completely 11eutx-alized be:rore the 
l'&te ... dete:ut1tin1ng step, (2) an &'.:?_ G~ SN2 reaction could be 
propo~tional to Do 'because ruetbQ.Xid& ion lo$t:tS solv•nt, 
possibly by a pre~quilibriUIJt proce$s, before new bond formation 
1$ completed. and C.3) an E2 or 8112 reaction could be propoi:itional 
to the concentration o:r metho.x1de ion beeaus& solvent is 
r~tained in the 41ctiv$ted complex ot the ;rE.:t .... determining step. 
It is then possible to visualize th~ ituation wbe~ a 
11$.action i£t dependent on a function soxnewbeve bEitw&en H_ and 
tho conc&ntxiation ot methoxide ion, whet'$ some traction. or 
all, of the bound lll$tbs.nol is lc>s.t in torntltl6 the activated 
complex. A tunction or the torxri ~o ... {4-x) log aCH3~ , or 
~0 - (J-x) log cCH3o_!J ~ouid comptess the Do scale and 
iao.-•ase the alo:pe o.f a log k1 vs. bo.sicity tunct1.on plot, as 
~. ia deoveased. A eo~parison ot tbe slo~s obteined tor plots 
of the various tunct!ons (for all whole number values of x) 
vs. log k1, using a least squares pro-eedu%'e$ is ehovn in 5.'able 
XXXII. 
TA.l3LE XXY'JI 
A Cor-relation t>f Fun;etions Based on n. Solva.tod. Methoxide 
Ions with log k1 for Pb.eny-~.P;;hyl Chloride 
CH30R Molecul~s 
Released Eefo~a the 
R~t~.:.Dete;t;m,.'.h:\in~ Ste:g 
4, o:r $ 
3, 02.1 4 
$1 n_, 
·- t Kt*it••• 
a ... 
Do 
;o0 .. tog Ccm;.3olf 
Do - 2. Lo·g 0 OR30H 
Do"' Log aCH30H 
Do,~ 2 Los aOR30H 
Do - 3 'Log aCH30R 
ourved 
2 
l 
3 
2 
.,76,6:: 01 
9· I D ~ .01 
1.13, b =: .04 
• 8 7, 6 ;:;: . 02 
1.01~ b =: .. 02 
1.21, b ::: .06 1 
!fbo l'ate is a.ppar&ntly best correlated by (D0 ... 2 log •en on>, 
3 
the implieat:ton being that on&-halt Qt tbe bound methanol is 
lost dur:tng the fo"1Jat1on of tbtil activated comple~ .. 
'!*his simple explanation f"or the d•pendance of J"Jeaction 
:k'at.e on $ baa.icit7 function i:f meaningle s ut1le11s a tr!- or 
tet~a-solve:t.,d m•thoxidAt ion can oo shown to «utiat by some 
anal7tical m&aau»•ment. 1'ht fact that tbe donor function can 
))e •JtPl·ained by a sol vated metbo:xid• ion, doe$ n4'>t pl'Qve it• 
itxtatenc&. StudifHI ot r4aetion rate in e()Qc;,,ntrsted IT.l&tbanalic 
sodium 11tetho~idt'f aolutiQn hAV$ only begun. Oonaid&):'able work 
ia ;J:1equir&d in oittdeX' to l:)eg1n. answering manr 0-f' the questions 
eoneer.n!ng d&pendenctt or t'&actioh rate on ba•icit;y pa?.'aaf>t&r$. 
Figure XIII 
Rate of Methanolysis of Phenylethyl Chloride 
0 at 59.7 Casa Function of D0 
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3.0 
5.0 
Slope. = .76 
-1.0 2.0 0 1.0 
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